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Abstract 

Background: Given current neglect for Chagas disease in public health programs in Mexico, future healthcare and economic 
development policies will need a more robust model to analyze costs and impacts of timely clinical attention of infected 
populations. 

Methodology/Principal Findings: A Markov decision model was constructed to simulate the natural history of a Chagas 
disease cohort in Mexico and to project the associated short and long-term clinical outcomes and corresponding costs. The 
lifetime cost for a timely diagnosed and treated Chagas disease patient is US$ 10,160, while the cost for an undiagnosed 
individual is US$ 1 1,877. The cost of a diagnosed and treated case increases 24-fold from early acute to indeterminate stage. 
The major cost component for lifetime cost was working days lost, between 44% and 75%, depending on the program 
scenario for timely diagnosis and treatment. 

Conclusions/Significance: In the long term, it is cheaper to diagnose and treat chagasic patients early, instead of doing 
nothing. This finding by itself argues for the need to shift current policy, in order to prioritize and attend this neglected 
disease for the benefit of social and economic development, which implies including treatment drugs in the national 
formularies. Present results are even more relevant, if one considers that timely diagnosis and treatment can arrest clinical 
progression and enhance a chronic patient's quality of life. 
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Introduction 

diagas Disease (CD) is caused by tlie flagellated protozoan 
parasite Trypanosoma cruzi {T.cruzij [1], vectored by triatomine 
insects known as kissing bugs. The parasite is transmitted most 
often via the bug's feces, and to a much lesser extent via blood 
transfusion, congenital or alimentary transmission, and organ 
transplant or laboratory accident [2,3]. 

The disease is endemic in 2 1 Latin- American countries and the 
United States, although human migration has expanded at-risk 
populations for most transmission modes in previously considered 
non-endemic countries [4]. In Mexico, more than 71,000,000 
inhabitants are at direct risk in both rural and urban areas for 
vector transmission from one of 18 vector species [5,6]. Tlie 
current prevalence is not well documented, although most 
estimates suggest between 0.013%-3.12% of the Mexican 
population are seropositive [7,8] and 650,000 chronic cases are 
currently in some form of clinical care in one of the many health 
care systems [9]. 

The first National Seroepidemiology Survey in Mexico, found a 
1.6% seroprevalence of antibodies to T. cruzi (66,678 samples 



tested) at the national level. The highest prevalence was found in 
Chiapas (5.0%), Oaxaca (4.5%) and the south-east region, 
followed by the central plains of the temperate Huasteca region, 
which includes the states of Hidalgo (3.2%), San Luis Potosi 
(2.5%), Veracruz (3.0%) and Tamaulipas (1.6%). However, a 
limitation of that study was its poor coverage of rural areas, which 
may have led to a significant underestimate of the current 
prevalence of the infection and disease [10]. Blood transfusion risk 
also exists, the review of 64,969 blood donors in 18 states of 
Mexico, demonstrated a 1.5% seropositivity, with prevalence 
ranging from 0.2% in Chihuahua up to 2.8% in Hidalgo. A more 
recent study of blood donations in the Social Security system 
(IMSS), highlights a similar profile and suggests that in urban 
populations, 0.4% are seropositive [7]. About 2000 inhabitants 
each year could be at risk of infection with T. cruzi via blood 
transfusion [11]. 

Analysis of the economics surrounding a disease can generate 
information essential for decision-making and evidence-based 
adoption of specific prevention and control pohcies. This is 
particularly useful for health sector authorities in order to generate 
greater social benefit with a lower cost to the health system [12]. It 
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Author Summary 

Chagas disease is caused by the flagellated protozoan 
parasite Trypanosoma cruzi, vectored in IVlexico in both 
rural and urban areas via one of 18 triatomine bug species. 
Despite ample nnorbidity and mortality evidence, however, 
health policy managers in Mexico have continued to 
neglect prevention, control and clinical attention for the 
disease. A computer simulation IVlarkov model was 
programmed and fed with information from published 
evidence and an expert panel. The lifetime cost for a timely 
diagnosed and treated Chagas disease patient is US$ 
10,160, while the cost for an undiagnosed individual is US$ 
1 1 ,877. The cost of a diagnosed and treated case increases 
24-fold from early acute to indeterminate stage. The major 
cost component for lifetime cost was working days lost, 
between 44% and 75%, depending on the program 
scenario for timely diagnosis and treatment. Timely 
medical attention for infected individuals is cheaper than 
doing nothing, especially if life and labor costs are 
included. The evidence provided, essential for decision- 
making, should be used to develop disease-specific 
prevention, control and patient clinical diagnosis and 
treatment policies for Chagas disease in IVlexico. 



is also fundamental for creative programming and financing of 
prevention and control strategies in the face of economic crises and 
in relation to social and economic development. Direct medical 
costs to the health system for support therapy for chronic CD cases 
are remarkable and clinical interventions in the chronic phase 
raises the costs because it consists of specialized medical care such 
as palliative and corrective cardiac and digestive surgery [13]. If 
we consider the indirect costs due to loss of productivity, the 
burden of CD increases due its impact on individuals in their most 
productive years [14]. 

According to the frrst WHO Report on Neglected Tropical 
Disease (CD), in Latin America 752,000 working days per year 
were estimated to be lost due to premature deaths due to CD. The 
economic cost of CD in terms of lost productivity was estimated at 
US$ 1.2 billion each year for the seven countries of the Southern 
Cone. In Brazil, worker absentee affected by CD represents an 
estimated minimum loss of US$ 5.6 million per year [15]. 

In Mexico, there is only one published study that estimates the 
cost of CD treatment; the calculations were based on 13 clinical 
records at a tertiary level hospital, and hence cost estimates cannot 
be extrapolated for the entire country or for all healthcare systems 
[16]. The present study aims to estimate the current costs of 
treating a chronic CD case detected and treated early vs an 
undetected case among the salaried population (47% of the 
Mexican population [17]), and the direct and indirect costs and 
effects simulated since birth to death using a cohort Markov 
model. 

Methods 

We constructed a Markov decision model based on previous 
publications [18,19], to simulate the natural history of a CD 
cohort and to project the associated short and long-term clinical 
outcomes. Professional software was used to construct the model 
(TreeAge Software, WiUiamstown, Massachusetts). 

Most recently, several pubhshed and ongoing studies have 
demonstrated that having negative serology after treatment is not a 
guarantee for remaining seronegative over time [20,21]. However, 
given the current lack of evidence validating seroconversion with 



parasitological clearance and therapeutic cure, we refer in this 
study to the endpoint for treatment as "no progression". Figure 1 
illustrates the general model structure including the following five 
Markov states of the disease and an individual's possible transition 
between states. All clinically important events are modeled as 
transitions from one state to another using a transition probability 
[22]. 

• Acute Phase (AP): The individual is currendy infected with T. 
cruzi Infected individuals remain in this state for a maximum 
of six months. If there is an effective diagnosis, then the 
individual could be treated with anti-parasitic drugs (benzni- 
dazole) and moves to the no progression state as a function of 
age. A positive serology implies remaining in the disease state 
(acute, indeterminate or chronic). When there is no diagnosis 
or the treatment fails, the person faces the probability of 
developing myocarditis or/and meningoencephalitis (minor 
children) that could lead to death. When the AP terminates, 
the person enters into the indeterminate asymptomatic phase. 
The initial age of the cohort is 1 0 years old. 

• Indeterminate Asymptomatic Phase (LAP): this is subsequent to 
the acute phase. Those who become infected can remain in 
this phase for at least 10 years before transitioning to a chronic 
form of CD, or remain in this phase for life. If indeterminate 
patients are diagnosed and treated (benznidazole), and develop 
negative serology, they move to no progression state. However, 
if they are positive serologically after treatment, they remain in 
a disease state. 

• Symptomatic chronic phase (SCP): individuals face the 
probability of developing a cardiomyopathy alone, a mega- 
esophagus and/or a megacolon, or either symptoms together 
with the first. The probabilities of occurrence of these 
symptoms are time rate variables. In the model we assume 
that only the cardiomyopathy can lead to dead, and the patient 
can only undergo surgery for megaesophagus, megacolon or 
pacemaker placement. 

• No progression state: patients who have negative serology. 
These patients may come from the acute, indeterminate or 
chronic phase. 

• Death: death occurs as a result of either CD phases (acute or 
chronic) or other causes unrelated to T. cruzi infection. 

Each cycle length is one month in the acute phase and then it 
switches to a year for the rest of disease phases. AU Markov states 
are mutually exclusive. Transition can occur from one state to 
another during each cycle (Figure 1). Patients are absorbed into 
the death state, where they remain, not being allowed to transition 
to another state. The simulation is run until the entire cohort dies. 

We compared three detection and treatment scenarios: (1) 
100% individuals are detected and treated early (who are 
diagnosed and treated during the acute phase of the disease), (2) 
100% of individuals are detected but only 80% are given 
treatment (the latter scenario was developed to include patient 
refusal and/or consideration for those patients not clinically 
capable of treatment for concomitant health reasons), and (3) no 
one is diagnosed or treated. The comparative performance was 
assessed by summing direct costs for medical treatment and 
indirect costs. We used a modified social perspective, in that costs 
of patients' time and travel were not included. Future costs were 
discounted at 5% per year. The discount rate is a financial 
adjustment which is applied to determine the present value of a 
future payment and differs from the rate of interest, in that it 
applies to the original amount for the increase. 
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Figure 1. General structure of the Markov model developed. It shows all clinically important events and transition paths from one state to 
another. 

doi:1 0.1 371/journal.pntd.0002776.g001 



A second order Monte Carlo simulation was used in which 
disease progression in an individual is characterized as a sequence 
of transitions between health states. One million patients were 
simulated, one at a time, in order to provide stable estimates of 
long-term outcomes for each strategy. All the parameters used to 
feed the model were introduced as statistical distributions: costs 
inputs are set as gamma distributions and probabilities of 
transition are beta distributed. Because in a second order 
calculation all these distributions are sampled, no sensitivity 
analysis is necessary. 

Baseline estimates for selected variables were developed from 
information provided from published studies and an expert panel 
(Table 1 to Table 3). Given the lack of information regarding 
medical care consumption by CD patients in Mexico (direct costs), 
we consulted an expert panel of four experts. All of them with at 
least five years of experience in CD in Mexico. The first expert is a 
physician with experience in CD patient care in the state of 
Morelos, at the moment we consulted him he was vector control 
manager, which includes CD disease. The second expert is a 
health researcher and physician with experience in CD patient 
care in the state of Jalisco. The third expert is a health researcher 
and epidemiologist in the state of Jalisco, her main research line is 
CD. The fourth expert is a physician with experience in CD 
patient care in the state of Veracruz. All participants were sent 
instructions with a set of three (one per CD phase) forms to 



complete. Medical care and procedures for all phases were 
obtained by a panel of three clinical experts (none of the experts 
are also authors of this manuscript). 

Costs include both direct and indirect costs. Direct medical costs 
for CD include those for hospitalization, outpatient consultations, 
laboratory tests, annual screening, clinical procedures, and 
medications. Undiagnosed patients have the national average 
medical care consumption. If a patient develops meningoenceph- 
alitis, myocarditis and/or megasyndromes (megaeshophagus, 
megacolon), medical attention is calculated for these specific 
symptoms. Average medical care consumption was estimated 
using the National Survey of Health and Nutrition 2012 (ENSA- 
NUT for its acronym in Spanish) [23]. Costs of medical care were 
built using pricing from the Mexican Social Security Institute 
(IMSS) [24]. Total costs were obtained by multiplying the quantity 
of services consumed by the unit costs. The indirect costs, were 
calculated considering the IMSS average daily wage (US$ 18.9) 
and the average working days lost due to illness [25]. The initial 
age of the cohort is 10 year old and we assume that children do not 
have remunerated work, so we did not consider working days lost 
due CD in the acute phase. 

All costs are expressed as 2012 value of the US dollar or after 
foreign currency conversion, using average annual exchange rates 
provided from the International Monetary Fund [26]. Once 
converted into US dollar, costs were adjusted for inflation using 
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Table 1. Model parameters: Baseline estimates for selected variables, acute phase. 



Disease phase 


Type of parameter 


Parameter description 


Value 


Source of data 


Acute 


Clinical 


Initial average age 


10 year old 


Expert panel 






Death for other causes 


Mexican death tables 


[35] 






Develop myocarditis and meningoencephalitis 


5% 


[36] 






Negative seroconversion (Benznidazole for CD treatment) 


53%-70% 


[37,38] 






Death due meningoencephalitis or myocarditis 


<5-10% 


[39] 






Stage Length 


6 months 


Expert panel 




Cost* (2012 US) 


Medical counseling 


$17 


[24] and expert panel 






Hospitalization 


$6.5 


[24] and expert panel 






Laboratory test 


$12.4 


[24] and expert panel 






Imageneology 


$2.6 


[24] and expert panel 






Drug treatment** 


$61.2 


[24] and expert panel 






Annual screening 


$5.7 


[40] and expert panel 



Notes: CD = Chagas disease; 

•Yearly cost; US = United States Dollar. 

**Only first year. 

doi:l 0.1 371/journal.pntd.0002776.t001 



the US Consumer Price Index [27]. The average cost per patient 
for eacli pliase of the disease was calculated considering the entire 
cohort of patients, regardless of the phase of the disease that the 
patient had reached. Subsequently, we calculated the average cost 
per patient for each phase of the disease, and considered only 
patients who achieved the phase. 

Results 

The average cost per patient, considering the entire cohort of 
patients, for each of the scenarios is included in Table 4. In the 
acute phase, the greatest cost per patient occurs for those in the 
80% diagnosed and treated scenario (US$ 234), with little 
difference compared to the scenario where 100% of patients are 
diagnosed and treated (US$ 232). The category costs for timely 
diagnosis and treatment in the former group is US$ 3 1 for medical 
counseling, US$ 83 for hospitalization, US$ 66 for laboratory 
tests (blood chemistry, urine test, complete blood count, urea. 



creatinine, indirect haemagglutination test, etc), US$3 for radiol- 
ogy and imaging, and US$ 51 for drugs (benznidazole for CD 
treatment and other drugs). 

In the indeterminate phase of the disease, the timely diagnosis 
and treatment in 80% of patients generates an average US$ 6,505 
cost per patient, while the timely diagnosis and treatment of 100% 
of patients generates an average of US$ 5,641. The average cost 
per patient not receiving diagnosis or treatment is US$ 3,309, since 
they do not have CD specific medical care. 

The most expensive chronic phase scenario occurs due to 
undiagnosed patients, US$ 8,449, which includes working days 
lost. The cost per patient for the diagnosis and treatment of 80% of 
patients is US$ 4,819 and the least expensive scenario is where all 
patients are diagnosed and treated (US$ 4,287). 

If all costs per patient are compared among the three program 
scenarios, early diagnosis and treatment of 100% of CD cases 
results in a lifetime costs US$ 10,160 (US$ 232+US$ 5,641+US$ 
4,287). The lifetime cost per patient if only 80% are diagnosed and 



Table 2. Model parameters: Baseline estimates for selected variables, indeterminate phase. 





Disease phase 


Type of parameter 


Parameter description 


Value 


Source of data 


Indeterminate 


Clinical 


Negative seroconversion {Benznidazole for CD treatment) 


19.1% 


[41] 






Stage Length 


15-30 years 


Expert panel 




Cost* (2012 US) 


Medical counseling 


$16.70 


[24] and expert panel 






Hospitalization 


$0 


[24] and expert panel 






Laboratory test 


$28.6 


[24] and expert panel 






Imageneology 


$4.2 


[24] and expert panel 






Drug treatment** 


$99.8 


[24] and expert panel 






Working days lost due to CD per year 


5 


[29] 






Value of working days lost 


$94.9 


[29] and expert panel 



Notes: CD = Chagas disease; 

*Yearly cost; US = United States Dollar. 

**Only first year. 

doi:l 0.1 371/journal.pntd.0002776.t002 
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Table 3. Model parameters: Baseline estimates for selected variables, chronic phase. 





Disease 
phase 


Type of 
parameter 


Parameter 
description 


Value 






Source of 
data 


Chronic 


Clinical 
















Develop severe heart disorders 


25% to 30% 






[42] 






Cardiopathy no progression 
due to drug treatment 


88.9% 






[43] 






Develop digestive symptoms 
{megaesophagus or megacolon) 


5.5% 






[44] 






Develop megaesophagus 


10%-20% of infected patients 




[45] 






Death due cardiopathy 


70% 






[461 






Surgery due to megaesophagus 


2% 






Expert panel 






Stage Length 


1 0-20 years 






Expert panel 




Cost (201 2 Ub) 




Normal 


Cardiopathy 


Megaesophagus/Megacolon 








Medical counseling 


$68.1 


$481.2 


$296.6 


[24] and 
expert panel 






Hospitalization 


$21.4 


$151.2 


$93.2 


[24] and 
expert panel 






Laboratory test 


$36 


$254.4 


$156.8 


[Z^J allU 

expert panel 






Imageneology 


$25.4 


$179.9 


$1 1 0.9 


LZ^J dllU 

expert panel 






Drug treatment** 


$162.8 


$162.8 


$162.8 


[24] and 
expert panel 






IVlegaeshophagus or iVlegacolon 
surgery*** 


$12,219.1 


$12,219.1 


$12,219.1 


[24] and 
expert panel 






Placement of pacemaker*** 


$18,123 


$18,123 


$18,123 


[47] 






Working days lost due to CD 
per year 


12 


14 


15 


[29] 






Value of working days lost 


$232.5 


$265.7 


$284.7 


[29] and 
expert panel 



Notes: CD = Chagas disease; 
*Yearly cost (2012 US); 
US = United States Dollar; 
**Only first year; 
***Per event. 

doi:1 0.1 371/journaLpntd.0002776.t003 



treated is US$ 1 1,558 (US$ 234+US$ 6,505+US$ 4,819), and if no 
patient is diagnosed or treated, the cost is US$ 1 1,877 (US$ 120+ 
US$ 3,309+US$ 8,449). The major cost components for the 100% 
and 80% scenarios are working days lost (44%), followed by 
hospitalization (23%), drugs (15%), laboratory (14%), and medical 
counseling (3%). However, for the undiagnosed scenario, the 
major cost component of working days lost rises to 75%, followed 
by hospitalization (12%), drugs (6%), laboratory test and diagnosis 
(6%), and medical counseling (1%). 

The cost of a diagnosed and treated case increases 24-fold from 
early acute to indeterminate stage (100% scenario). The cost per 
patient in the indeterminate stage is 1.32 fold, more than the cost 
in the chronic stage (100% scenario). The costs for the 
undiagnosed patient scenario are systematically lower than either 
of the 100% treated for acute and indeterminate phases (1.93 and 
1.70 times, respectively), due to treatment-specific costs. However, 
in the chronic phase, the undiagnosed patient scenario incurs most 
costs, being 1.97 times greater than in the 100% treatment 
scenario. 

The phase specific cost per patient per year is summarized in 
Table 5. While the results for the acute phase are the same as 
shown in the previous table, in the indeterminate phase, the 



average cost per patient is greater for the 80% diagnosed and 
treated early alternative (US$ 12,772). In the chronic phase, the 
average cost is greater for the alternative where 100% of patients 
are diagnosed and treated, with a total of US$ 24,588. 

Discussion 

The costs of a chronic CD case detected and treated vs an 
undetected case has been analyzed herein from a modified social 
perspective which allows us to take into account the value of 
working days lost. We calculated two different types of costs: costs 
per patient per lifetime according to disease stage (or cohort cost, 
discounted at a rate of 5%) and costs per patient per year. The 
lowest lifetime cost is estimated from the 100% early diagnosis and 
treatment scenario, due to the fact that in this scenario, less of the 
cohort reaches the expensive chronic phase of the illness. It is 
important to stress that the parallel costs between the 100% and 
the 80% treated scenarios is because both populations are 
diagnosed and have similar medical management. 

The phase specific costs increase accordingly with each 
progressive phase for all scenarios, although the cost estimated 
for the undiagnosed category is less in chronic phase than that for 



PLOS Neglected Tropical Diseases | www.plosntds.org 



5 



April 2014 I Volume 8 | Issue 4 | e2776 



Opportunity Cost for Early Treatment of Chagas 



o 



o o 
* ~1 



3 

o 



O 



O 



00 ^ 



^ ^ o 



^ 00 



--^ — rsi 



vD — ^ 



rsi c^ 



vD CTi (N ro 



— \o 



a -a 
q. 

OJ c 

II ^ 
IS 
=> 2 



either 80% or 100% scenarios (US$ 16,630 vs. US$ 23,929 or US$ 
24,588, respectively). Although surprising, this result is considered 
real, since there is high mortality in the undiagnosed patient 
group, and since costs are calculated for a complete cohort, they 
win be proportionally reduced due to patients lost to the cohort 
(and hence reduced average patient cost). 

Vallejo et al. [16] reported the cost of medical treatment of 13 
clinical cases for CD in a specialized hospital setting (third level) in 
Mexico. The annual cost for medical care for patients in this 
outpatient setting was estimated between US$ 4,463 and US$ 
9,601, and annual costs for patients admitted via an emergency 
care unit was between US$ 6,700 and US$ 1 1,838. If we assume 
that these patients were in the chronic phase of the disease, the 
costs we calculated herein are similar to their higher costs. 
Contrary to our findings, VaUejo et al. conclude that highest cost 
components were radiology and imaging (63%) and hospitaliza- 
tion (26%), while the component with least contribution to cost 
was drug treatment (3%). The hmitations of the previous study are 
the few patients used to estimate costs, the costs of surgeries 
(pacemaker placement were not considered), and the bias for 
disease phase, since in order to be attended in a specialized 
hospital, patients must have economic capacity (to afford out-of- 
pocket expenses to go to Mexico City for varying periods), and 
must be in the chronic phase with cardiomyopathy. 

The present study uses second and third level social security 
(IMSS) costs as an alternative and complementary perspective for 
opportunity costs of diagnosis and treatment, since the IMSS 
system currently covers 47% of the Mexican population, and in 
the poorest states (Chiapas, Campeche, Yucatan), the IMSS 
Oportunidades subsystem still covers at least half of the rural 
population [17]. Future studies should also focus on the Seguro 
Popular and the primary healthcare system, Secretariate's second 
level hospitals and costs generated in these systems. Until there is a 
more robust estimate of patient population seroprevalence in all 
Mexican healthcare groups and regions, the costs calculated 
herein may be considered pertinent particularly for populations 
with fixed incomes. 

In other countries such as Colombia, chronic CD cost has been 
calculated from the payer's perspective (review of 63 clinical 
records) [28]. CastiUo-Riquelme et al. concluded that cost per 
patient per year for clinical management at the basic care level was 
US$ 46 to US$ 51, the cost in the intermediate level of care was 
US$ 188 to US$ 259, and in a specialized setting the cost per 
patient per year was US$ 3,652 to US$ 7,981. If we compare the 
costs per patient per year of the acute phase of the 100% and 80% 
scenarios they are similar to those reported by CastUlo-Riquelme 
et al. for their intermediate level of care. The costs for chronic 
phase reported in the present study is between 3 and 6.7 times 
greater than costs reported by CastUlo-Riquelme et al. The 
diflFerence may be due to the methodological perspective which in 
the latter was based on the provider and the present study based a 
modified social perspective. The value for worked days lost was 
91.4% of the total costs in the 100% scenario in the chronic phase 
in the present study. 

CastiUo-Riquelme et al estimated for the intermediate level of 
care, hospitalization contributes between 25% and 49%, drugs 
contribute 3 1 % to 42 % and for specialized care, the surgical 
procedures were the largest cost component, contributing between 
41 % and 55%, while the second largest was drugs (10% and 24%). 
The distribution of the total costs reported by the present study are 
similar to those reported by CastUlo-Riquelme et al. except for the 
fact that the major cost component in the present study was the 
value of working days lost (44%), foUowed by hospitahzation (23%) 
and drugs (15%). 
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Table 5. Cost per patient per year and confidence interval (95%), considering only patients in each phase. 



Disease phase 



Proportion of patients diagnosed and treated 



Cost (2012 US) 



Acute 



Indeterminate 



Chronic 



1 00% 
80% 



1 00% 
80% 



1 00% 



232 (209-255) 
234 (211-257) 
120 (108-132) 
12,765 (11,488-14,041) 
12,772 (11,495-14,050) 
3,502 (3,152-3,852) 
24,588 (22,129-27,047) 
23,929 (21,536-26,321) 
16,630 (14,967-18,293) 



Notes: US = United States Dollar. 
doi:1 0.1 371 /journal.pntd.0002776.t005 



Basombrio et al. [29] reported the direct and indirect (value of 
working days lost) cost of CD in Argentina and concluded that 
acute phase costs were US$ 591 per patient per year, of which 
34% corresponded to medical counseling and 27% to labor loss. 
The indeterminate phase cost was US$ 174, of which 30% 
corresponded to labor loss and 28% to laboratory tests, similar to 
that reported herein. Chronic phase costs were between US$603 
and US$ 736, of which 27% to 37% corresponded to medical 
counseling and 21% to 23% to labor loss, a significant difference 
with the proportion estimated with the present study. Contrary to 
data reported by CastiUo-Riquelme, and similar to the present 
study, the contribution for surgery was between 1% and 8% 
[28,29]. Hence, labor loss costs in Argentina represent approxi- 
mately 25% of total costs across all disease stages, while in the 
present findings, labor loss in indeterminate is higher than this, but 
becomes the largest cost component in the chronic stage. 
Schenone reported that average annual patient costs for chronic 
chagasic cardiopathy in Chile is between US$ 439 and US$ 584, 
while we estimated a cost between US$ 16,630 and US$ 24,588 
[30]. The previous study did not consider labor loss, which may in 
part account for these differences. 

Based on information gathered from the literature review and 
expert panel, Akhavan estimated in Brazil that the lifetime medical 
care cost of a chagasic patient in the indeterminate phase is US$ 
1,140, the cost for a patient with digestive complication was 
between US$ 4,510 and US$ 9,890, while the cost for a patient 
with cardiac complications was US$ 4,075 to US $55,159. 
Unfortunately, that study does not provide the distribution of 
the cost components [31]. The lifetime cost per patient in the 
indeterminate phase estimated by the present study ranges from 
US$ 6,488 to US$ 7,481, which is 5.7 to 6.6 times greater than the 
costs estimated by Akhavan. In addition, the costs estimated by 
Akhavan do not include the value of working days lost. The lower 
limit cost estimated by Akhavan for the digestive and cardiac 
complications, which both occur in the chronic phase, are similar 
to the cost estimated by the present study. The upper limit costs 
from Akhaven vary between 1.8 to 11.2 times greater than the 
costs estimated in the present study. This difference can be 
explained due to the fact that costs in the previous study were 
calculated based on medical care consumption, and in the present 
study a cohort was used. 

Using a methodological approach similar to the present study, 
Lee et al. [32] estimated the global economic cost of CD from a 
societal perspective even though they do not report cost specifically 
for Mexico and they do not consider the only other CD cost study 



from Mexico for their analysis [16]. For Latin America, the annual 
health-care cost per patient was US$ 383 (range: US$ 207-US$ 
636), annual cost per patient due to productivity losses was US$ 
3,676 (range: US$ 3,362-US$ 3,798), that is to say that 
productivity losses were estimated at 9.6 times greater than the 
medical care cost (direct cost). The lifetime cost per patient for an 
individual with CD was estimated at US$ 2,600 (range: US$ 
1 ,966-US$ 3,034). The lifetime cost estimated in the present study 
is 3.9 times greater than that calculated by these authors. 

Present data suggest that in the long term, it is cheaper to 
appropriately diagnose and treat chagasic patients instead of doing 
nothing. This finding by itself should motivate public pohcy to 
attend and appropriately manage exposed and potentially infected 
populations and establish public health interventions for this 
disease in Mexico, which has been neglected by health authorities 
[33,34]. This finding is even more convincing if one considers that 
appropriate anti-parasitic treatment can arrest further progression 
of disease and enhance, in the case of chronic cases, the patient's 
quality of life. The short and long term labor context and impact 
of the disease should be more carefully analyzed and considered by 
labor management and economic strategists, as in the case of other 
neglected tropical diseases, especially when pubhc policy priori- 
tized evidence-based social en economic development. 

One of the important limitations of the present study, a 
reflection regarding the almost complete absence of this disease in 
the medical care and public health community in Mexico, was the 
reduced pool of clinical experts in order to construct more robust 
clinical care models. Once Mexico publishes a clinical guideline 
for CD, and if there is a decision to revert the neglect for the 
disease at all levels of health care and preventive public health 
programs, more complete analysis can consider the heterogeneity 
and real costs for all sectors of the Mexican population. Chagas 
disease is a neglected tropical disease, internationally, and 
particularly in Mexican public health policy. The implications of 
continued abandonment to prevent and attend exposed popula- 
tion should be evaluated from both individual and collective 
perspectives and from all sectors, so that its impact at all levels of 
the Mexican economy can be considered for evidence-based policy 
decisions. 
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